ABSTRACT
INTRODUCTION:

43
The defining feature of chronic obstructive pulmonary disease (COPD) is irreversible 44 airflow obstruction caused by elevated resistance in the small airways and increased 45 lung compliance due to emphysema and lung destruction (12). Emphysema is defined 46 pathologically as the permanent enlargement of the airspaces distal to the terminal 47 bronchioles, accompanied by destruction of their walls, without obvious fibrosis (5).
48
The severity of emphysema is clinically evaluated as low attenuation area (LAA) 49 volume divided by total lung volume (LAA%) on high-resolution computed 50 tomography (CT) (17). It has been reported that high LAA% of lung is related to high 51 mortality, frequent exacerbations, and poor quality of life among COPD patients (11). the extent of the emphysematous disease, such as the mean CT density, identification of 81 low-density areas (i.e., LAA) using a variety of thresholds, and LAA%. However, no 82 study that evaluated the time-course of mouse lung structural changes and defined the 83 appropriate parameters following chronic CS exposure using micro CT has been 84 reported.
85
In this report, a new set of protocols is presented, and the images and histogram of 
MATERIALS AND METHODS
92
Mice
93
Female C57BL/6J (9 -10 weeks old) mice were purchased from Oriental Japan (Tokyo, 94 Japan). The mice were housed in plastic cages under a 12:12-h light-dark cycle, fed 95 standard chow (CE-2, Nihon CLEA, Tokyo, Japan), and given free access to food and 96 water. All experimental protocols and procedures were approved by the Animal Use
97
Committee at Keio University School of Medicine. Ltd., Tokyo, Japan), consisting of both a CS generator (SG-300) and an inhalation 104 chamber, to which 20 body holders were set at a time, was used. large pulmonary vessels, heart, mediastinal structures, and diaphragm) were excluded.
151
LAA thresholds were arbitrarily established to less than -700 HU because LAA% of a 152 normal mouse was less than 5% referring to a previous publication (2), and it was also 153 set high to make the difference between the groups clearer. The LAA% was calculated 154 using the ratio of the total LAA volume to the end-expiratory lung volume. 
RESULTS
167
Histological assessment of emphysema in the lungs 168 Mice were repetitively exposed to CS, whereupon the lungs of the mice were excised Serial quantitative measurements on micro CT were performed in 5 CS-exposed mice 212 and 6 controls. End-expiratory lung volume was significantly increased at 4, 12, and 20
213 weeks compared to that at 0 weeks, respectively, only in CS-exposed mice, but not in air 214 controls ( Figure 6a ). The average lung CT value was significantly higher at 4 and 12 215 weeks compared to that at 0 weeks, respectively, only in CS-exposed mice (Figure 6b ).
216
The average lung CT value was not changed over time in air controls. and Lm and DI cannot distinguish the intrinsic differences between the two models.
238
However, three-dimensional micro CT images can determine the density distribution 
243
In vivo pulmonary imaging in small animals is technically challenging due to respiratory cycle is reconstructed based on intrinsic or extrinsic gating techniques (7,13).
256
The degree of movement artifacts is largely reduced, albeit to a lesser extent compared 257 to the prospective approach (7). In the present study, the novelty of the micro CT method was that not only respiratory, but also cardiac, gating was performed without 259 any external devices, such as an electrocardiogram, by which micro CT images were 260 automatically reconstructed by setting the region of interest (ROI) on the diaphragm 261 simultaneously monitoring the movements of both breathing and the heart (Figure 1) .
262
This regulated image acquisition system enables minimization of the radiation dosage an indicator of the extent of air trapping when it is acquired during the expiratory phase.
267
The challenge lies in correct segmentation of the air-filled lung spaces from 268 intrapulmonary and surrounding extrapulmonary tissues. CT data of all time points were available for 6 air control mice and 5 CS-exposed mice,
495
which served for longitudinal analysis. Time-dependent changes of (a) end-expiratory 
